Chemical context
The six H atoms attached to the 3 -O atoms of the central [XO 6 ] (X = heteroatom) octahedron in B-series Andersontype heteropolyoxidomolybdates (Anderson, 1937; Tsigdinos, 1978) , [X n+ ( 3 -OH) 6 Mo 6 O 18 ] (6-n)-] [X n+ = Ni 2+ (Lee et al., 2002) , Cu 2+ (Ito et al., 1989) , Al 3+ (Lee et al., 1991) , Cr 3+ (Perloff, 1970) , Co 3+ (Nolan et al., 1998; Lee et al., 2001) , Rh 3+ (Ozawa et al., 1991) ], are non-acidic (i.e. nondissociative). For the past four decades, the existence of a protonated species with more than seven H + ions was not expected for this class of compounds; the supposed highest number of seven was shown by K 2 [H 7 Cr III Mo 6 O 24 ]Á8H 2 O (Joo et al., 2015a) . A free-acid type compound, H 3 [H 6 AlMo 6 O 24 ]Á10H 2 O (Liu et al., 2006) , was reported but the positions of protonated O atoms by the excess three H + ions were not defined. The current study was carried out to confirm the presence of a highly protonated species that exists at very low pH.
Considering the geometry of the interpolyanion hydrogen bonds by an extra H atom (seventh H atom), observed via electron-density maps around the protonated 2 -OB atoms and bond valence sums (BVSs; Brown & Altermatt, 1985; Brese & O'Keeffe, 1991) of the protonated 2 -OB atoms in the polyanion, we can determine that the positions of the extra H atoms follow a pseudosymmetric model in the polyanion. Sometimes a short hydrogen bond (OÁ Á ÁO h 2.60 Å ), in which the H atom lies on a crystallographic centre of symmetry, occurs in this class of structure (Lee et al., 2010; Joo et al., 2015b) . The focus of this report is to clarify the position of the extra H atom of the polyanion in the title compound. ISSN 2056-9890 2. Structural commentary Fig. 1 shows the the components of the crystal structure of the title compound. The O atoms of the heteropolyanion have been designated as OT (terminal Mo O atom), OB (bridging 2 -OB atom; Mo-O-Mo), and OC (centred 3 -O atom; Mo 2 -OC-Co). The protonated O atoms in the polyanion were confirmed by the BVSs, the charge balance, the bondlength elongation and the interpolyanion hydrogen bonds ( Fig. 3 and Table 1 ). Consider the symmetry relation of O7B and O10B atoms, the electron density of the H atom between atoms O7B and O10B in the difference Fourier map (Fig. 2 ) and the very short O7BÁ Á ÁO10B distance of 2.430 (5) Å . Also consider the bond elongations by protonation of Mo1/2-O7B and Mo4/5-O10B, and the bond angles of Mo-OB-Mo. These data suggest that O7B or O10B in the polyanion should be protonated.
Confirmation of the protonated O atom was strongly supported by the BVS analysis. The calculated BVSs for expected protonation atoms O7B and O10B are 1.63 and 1.61 valence units (v.u.) , respectively, if the valence of the O-H bond is not included. Since the BVS value around the O atom should be 2.0 v.u., the missing valences of O7B and O10B are 0.37 and 0.39 v.u., respectively, which corresponds to the valence of the O-H bonds. The BVS values for the unprotonated O8B, O9B, O11B and O12B atoms are 1.98, 1.94, 1.95 and 1.95 v.u., respectively. The reasonable BVSs of short and long O-H bond lengths can be obtained from the graphical correlation valences (Brown, 2002) . This showed that atom H7 in the polyanion has a distance of 1.21 Å with 0.41 v.u. As a result, the valence sums around O7B and O10B are 2.04 and 2.01 v.u., respectively. Therefore, these valence unit values satisfy the protonation conditions of O7B and O10B atoms in the polyanion. As a result, these data suggest that H7 is located on the midpoint between O7B and O10B ii atoms (the symmetry code corresponds to that in Fig. 3 ). However, the H7 atom contributes to the short hydrogen bonds, and does not lie on a crystallographic centre of symmetry; also, the electron density is not symmetric in the polyanion (Fig. 2 ), although we expect H7 atom to lie in the middle of the bond, which corresponds to a pseudosymmetric short hydrogen bond. This means that an extra H atom is co-shared by an adjacent polyanion; for example, 2 -O7BÁ Á ÁH7Á Á Á 2 -O10B ii (Fig. 3) .
The BVSs for the K1, K2, and Na1 ions are 0.50, 0.55, and 1.26 v.u, respectively, in the title compound (NaÁ Á ÁO h 2.50 Å and KÁ Á ÁO h 3.00 Å ). BVS calculations for K1 and K2 reveal a considerable under-saturation in terms of valence units, which we ascribe to the disordered character of the K + position. All (3) 2.811 (7) 166 (8) O8W-H8BÁ Á ÁO4W 0.83 (3) 1.88 (3) 2.697 (7) 168 (7) O8W-H8AÁ Á ÁO7W 0.82 (3) 2.01 (4) 2.761 (8) 151 (7) Symmetry codes:
Figure 1
The polyanion structure and the cations as well as the lattice water molecules in the title compound. Displacement ellipsoids are drawn at the 50% probability level for non-H atoms. H atoms are drawn as small spheres of arbitrary radius.
Figure 2
Difference Fourier map between atoms O7B and O10B, where H atoms were absent.
the BVSs agree well with the charge-balance requirements. The K + ions are coordinated by four and three O atoms as [K1(OW)(OB)(OT) 2 ] + and [K2(OW) 2 (OT) 2 ] + . The Na + ion is coordinated by six O atoms as [Na1(OW) 4 (OT) 2 ] + .
Supramolecular features
The polyanions are linked together into chains along [101] via hydrogen bonds: two normal inter-polyanion 3 -O (OC)Á Á Á 1 -O (OT) and one very short 2 -O7B-H7Á Á Á 2 -O10B bond ( Fig. 3 and Table 1 ). Note that water molecules O6W, O7W and O8W do not show any interaction with the metal atoms and are bonded to other O atoms only by hydrogen bonds. The other H atoms of the polyanion, (H1, H3, H4 and H6) form hydrogen bonds with water molecules (Table 1) .
Synthesis and crystallization
Title compound was obtained from the ion-exchanged solution (ca pH 1.4) of K 3 [H 6 CoMo 6 O 24 ]Á7H 2 O (Lee et al., 2001) by Amberlite IR120. The resulting solution was concentrated in a hot water bath. After 1 d, stable blue crystals were obtained at room temperature. The Na + ion in the title compound is considered to have been a contaminant from the ion-exchange resin.
Refinement
The crystal data, the data collection and the structure refinement details are summarized in Table 2 . All H atoms in the polyanion and all H atoms in the water molecules were located from difference Fourier maps. All H atoms of the polyanion were refined with a distance restraint of O-H = 0.85 (3) Å , except O7B-H7, and were included in the refinement with U iso (H) = 1.5U eq (O). The bond lengths of O7B-H7 and O10B-H7 i (the symmetry code corresponds to that in Fig. 3 ) were constrained by using the SADI ( = 0.03) command; they were set to be equal with an effective standard uncertainty to locate the shared H atom on the pseudocentre between atoms O7B and O10B. 
Figure 3
Polyhedral view with unit cell of the heteropolyanion in the title compound, with the OÁ Á ÁO contacts of the interpolyanion hydrogen bonds shown as dashed lines. [Symmetry codes: (i) x À 1 2 , Ày + 1 2 , z À 1 2 ; (ii) x + 1 2 , Ày + 1 2 , z + 1 2 .]
(Brandenburg, 1998); software used to prepare material for publication: SHELXL2014 (Sheldrick, 2015) . Extinction correction: SHELXL2014 (Sheldrick, 2015) , Fc * =kFc[1+0.001xFc 2 λ 3 /sin(2θ)] -1/4 Extinction coefficient: 0.00011 (2) Special details Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. (3) 2.697 (7) 168 (7) O8W-H8A···O7W 0.82 (3) 2.01 (4) 2.761 (8) 151 (7) Symmetry codes: (i) x−1/2, −y+1/2, z−1/2; (iii) x+1/2, −y+1/2, z−1/2; (vii) x−1/2, −y+1/2, z+1/2; (ix) x+1/2, −y+1/2, z+1/2.
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